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MEMORANDUM REPORT 
for the 

Bureau of Aeronautics, Navy Department 
WIND-TUNNEL INVESTIGATION OF TEE EFFECTS OF SPOILERS ON 
THE CHARACTERISTICS OF A LOW-DRAG AIRFOIL EQUIPPED 
WITH A 0.25— CHORD SLOTTED FLAP 
By Ralph W. Holt zc law 


SUMMARY 


An investigation was made to determine the effects of circular- 
arc spoilers on the section characteristics of an MCA 66,2-216 
(a = 0.6) airfoil equipped with a 0.2;)— chord slotted flap. Spoilers 
were tested on the upper surface of the airfoil at 0.725 chord, on 
the lower surface at 0.6666 chord, and on both surfaces simultane- 
ously. 

The upper— surface spoiler was unsatisfactory as a lateral— control 
device because of its tendency to produce rolling moments in the 
wrong direction for small spoiler deflections with the flap- deflected 
and the non linear variation of effectiveness with spoiler deflection. 
Sealing the flap slot eliminated the reversal hut caused a con- 
siderable loss in flap effectiveness and spoiler effectiveness with 
the flaps deflected. The lower— surface spoiler was also unsatis- 
factory because of the unfavorable variation of spoiler effective- 
ness with flap, deflection. A combination of small deflections 
of the lower— surf ace spoiler with small deflections of the upper- 
surface spoiler,’ though rather complicated, gave quite satisfactory 
results. Although there was still a nonlinear valuation of spoiler 
effectiveness with deflection, it was shown to be improved considerably 
by the use of the proper variation* of spoiler deflection with control 
travel. 

Calculations of the characteristics of three hypothetical 
airplanes equipped with spoiler control systems indicated that 
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sa,t i sfactory lateral control could do obtained. 


INTRODUCTION • 

With ailorons of the conventional type covering a c on s i do rah le 
portion of the wing trailing edge, it is generally possible to use 
only partial-span flaps. The need for the greater effectiveness 
afforded by full-span flaps is increasing as airplane wing loadings 
increase. As a result, the NACA is conducting research to develop , 
lateral— control devices that will permit the use of full— span flaps. 
Tho most promising of these devices are drooped— aileron and spoiler- 
type lateral controls. 


The results of references 1, 2, and 3 have indicated that 
o'* render— arc spoilers may provide satisfactory lateral control. Ino 
present investigation was conducted to determine the characteristics 
of a spoiler control on a low— drag airfoil. The effects of spoilers, 
on either the upper or lower surface or in combination, on the 
character! st ic s* of a low-drag airfoil equipped with a 0.25-chord 
slotted flap were determined. The results were applied to the 
estimation of the lateral— control characteristics of three hypo- 
thetical airplanes equipped with spoiler controls. 

, The tests were conducted in the Ames 7— hy 10-foct wind tunnel 
No.- 1. 


COEFFICIENTS AND CORRECTIONS 

The coefficients used throughout this report are as follows: 

section lift coefficient 

increment of section lift coefficient. 

section profile drag coefficient 

increment of section profile drag coefficient 

section pitching-moment coefficient about quarter chord of 
section with flap in neutral position 

x Also referred to a.s retractable ailerons when used on the rea„rward 
portion of -an airfoil. 
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rolling-^noment coefficient (L/qSb) 

the rolling— moment coefficient due to spoiler deflection 
the rolling-moment coefficient due to rolling 


(!) 1 


lateral stability coefficient derivative ("l h 2 Cz £— ) 

V4 ■ * lx J 


rolling moment , foot-pounds 

dynamic pressure ( ipV 2 ) , pounds per square foot 
the mass density of air, slugs per cubic foot 
wing span, feet 

moment of inertia about the X-axis, slug-feet square 
the wing area., square feet 
velocity , feet per second 
In addition, the following symbols are employed:' 
angle of attack for infinite aspect ratio, degrees 
spoiler deflection from upper surface, degrees 
spoiler deflection from lower surface, degree^ 
flap deflection, degrees 


pb/2V helix angle generated by wing tip in roll, radians 
$ angle of hank, degrees 

p angle of sideslip, positive when right wing is forward, degree 

y angle of yaw, positive when left wing is forward, degrees, 

t time> seconds 


9 


fraction of control travel 
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The lift, profile-drag, and pitching-moment coefficients have 
been corrected for tunnel— wall effects.. All the results have bcon- 
corrected for the ond— plate effects described in reference b, 

MODEL AND APPARATUS 

The airfoil was constructed of laminated mahogany to the NACA 
66,2-23.6 (a = 0.6) profile of 4- -foot chord. This was the same model 
as that used for tho tests of reference 4. It was equipped with a 
0.25-chord slotted flap constructed to the profile of tho normal 
section; the slot' entry was designed to roduco the gap with ,thc 
flap retracted to tho practical minimum (flap and slot _B of 
rcforcnco 4). Tho airfoil ordinates are given in table I, and tho 
flap ordinates arc given in tabic II. The details of the slot o.re 
shown in figure 1. Tests wore also made with the slot scaled as 
shown in figure 2. 

Tho spoilers used for this investigation consisted of perfo- 
rated metal plates shaped to a radius of 0.12 chord and. were 
rigidly attached to the airfoil. Details of tho spoiler construc- 
tion and installation are shown in figures 1 and 3. As it is . 
usually assumed that circular-arc spoilers have negligible hinge 
moments, no attempt was made to measuro their hinge moments on the 
test installation. Although it was realized that tho flanges used 
on the larger spoilers (fig. 3) would contribute hinge moment, 
they wore usod only to give increased rigidity and wore assumed 
not to exist on an actual installation. ' Tho spoilers wore perfo- 
rated to minimizo buffeting. The spoiler on the upper surface 
of the airfoil was 0.T25 of the chord from the airfoil leading edgo, 
while that on tho lower surface was O.6660 of tho chord from the 
loading edge.' Those locations were dictated by the model structure 
and do not necessarily represent an optimum aerodynamic arrange- 
ment. However, an attempt was. made to locate tho spoilers as far 
aft as possible in order to reduce the time lag (reference 5) • 

The model, equipped with the 45° spoiler on tho upper surface, 
is shown mounted vertically in the Amos 7— "by 10— foot wind tunnel 
No. 1 in figure 4. 


TESTS 

Tho tests wore conducted at a dynamic pressure of 50 pounds 
per square foot, corresponding to a Reynolds number of approxi- 
mately 5,100,000 and a Mach number of approximately C.19. Lift,, 
drag, and pitching-moment measurements wore made throughout tho 
useful angle— of -dttack range for constant spoiler and flap deflec- 
tions. Tho flap path, shown in figure 5, corresponded to tho path 
selected (reference 4) for the f3.ap slot tested. 
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The upper— and lover— surface spoilers were each tested with flap 
deflections of 0°, 10°, 20°, 30°, 40°, and 45° with spoiler deflec- 
tions of 0°, 2 .-5°, 5°, 10°, 15°, 30°, 45°, and 60°. The effects of 
sealing the flap slot were measured for flap deflections of 0°, 20°, 
and 40° for the upper— surface— spoiler deflections (excepting 60°) 
previously listed. The interaction of simultaneous deflections of 
upper— and lower— surface spoilers was also measured for small 
deflections of the lower— surface spoiler (limited to 10 °) } flap 
deflections of 0°, 20°, and 40°, and for a limited range of upper- 
surface— spoiler deflections. 


RESULTS AND DISCUSSION . 

The characteristics of the airfoil for the range of flap deflec- 
tions investigated are presented in figure 6. These data have teen 
presented previously in figure 13 oz reference 4. 

The results of the tests with deflected spoilers are presented 
in the form of section pitching-moment coefficients and increinents 
of section lift and profile drag coefficients due to spoiler deflec- 
tion plotted against the spoiler deflection for a constant xlap 
deflection and 'angle of attack. The data are presented for corrected 
angles of attack of — 4°, 0° , 4°, 8°, and 12°. It should he noted ■ 
that the actual experimental data were- obtained for a constant 
spoiler deflection" as a function of the uncorrected angle of attack. 
After the corrections were applied, the data were plotted for the 
corrected angle of attack before the final cross-plotting against 
spoiler deflection. 


Upper— Surface Spoiler 

The results of the tests with the spoiler on the upper surface 
are presented in figure 7 for flap deflections from 0-to 45°, 
inclusive. The variation of the increment of section lift coefficien 
ci s with spoiler deflection showed an abrupt decrease- of dACi/coSy 

at a spoiler deflection of about 7*5° (fig- ?)• For flap deflections 
of 30° or greater, there was also a reversal in sign of the^ Ixf o 
increment for small spoiler deflections, the magnitude of the 
reversal increasing with flap deflection. Either of these ofxocts 
would be objectionable in a lateral-control device. The maximum 
available lift-coefficiont increments occurred with 30 and il^ 
deflections. ' 
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The' variation of the pitching-moment coefficient and the 
increment of profile drag coefficient, due to spoiler deflection, 
showed irregularities corresponding to those shown by the variation 
of the lift-coefficient increments (fig. 7)* . 


Upper— Surface Spoiler with Sealed Flap Slot 

In an effort to eliminate the reversal in the lift— coefficient 
increments and the abrupt change in SAC i /d5gjj, the flap slot was 
sealed as shown in figure 2. Results aro presented in figure 8 for 
this condition for flap deflections of 0°, 20°, and 40° and for 
spoiler deflections from 0° to 4.p°,\ inclusive. A comparison of 
figures 7 and 8 shows that the seal almost entirely eliminated the 
reversal (a slight reversal still existed for an angle of attack of 
0°'for a flap deflection of 20° and an angle of attack of 12° for a 
flap deflection of 40°), but the seal did not alleviate the abrupt 
change in oAC-j /d&Spj. As illustrated by figure 9 (spoiler 
deflection = 4.7° ) , the seal had practically no effect on the available 
section lift-coefficient increment due to spoiler deflection with the 
flap retracted. However, with the flap deflected, the seal seriously 
decreased the incremental lift, the reduction increasing with angle 
of attack . 

The characteristics of the airfoil with the flap slot sealed 
(spoiler undeflected) are shewn in figure 10 for flap deflections of 
0°, 20°, and 40°. A comparison of this figure with figure 6 shows 
that the seal reduced the maximum section lift coefficient with 40° 
flap deflection from 2.82 to 2.21. The increment of section lift 
coefficient due to flap deflection is shown in figure 11 for the slot 
sealed and in figure 12 for the slot unsealed. As shown by these 
figures, the amount that the seal decreased the flap effectiveness 
increased with angle of attack. It should be noted that the poor 
characteristics with the slot sealed may have been partly due- to the 
method of sealing the slot. (See fig. 2.) Wo provision had been 
made- in the model 'for a conventional internal seal, so the type used 
was resorted to in an effort to obtain an approximate. on of the effect 
of sealing the slot. Since it was difficult to maintain an adequate 
seal with only one surface sealed at the dynamic pressure required, • 
both upper and lover surfaces were sealed. 


Lower— Surface Spoiler 


The results 
are presented in 


of the 
figure 


tests with the spoiler on the lower surface 
13 for flap deflections from 0° to 45°* 
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inclusive. These data indicate that the lower-surface spoiler alone 
would he unsatisfactory as a lateral— control device due to the 
unfavorable variation of c£.c with flap deflection. For small fxap 
deflections the .action of the spoiler is similar to that of a flap; 
that is, it produces positive lift increments. However, as the flap 
deflection is increased the increments are reduced until, at a flap 
deflection of 3 C° } the Increments are all negative. There was also a 
reversal in the sign of the lift increments for flap deflections of 
0° and 10°. As the flap deflection was increased the effect was 
reduced and it disappeared with a flap deflection of 3 O 0 . 


Combined Upper— and Lower— Surface Spoilers 

Observations of the independent action of the upper- and lower- 
surface spoilers suggested the combination of the upper-surface 
spoiler with small deflections of the lower-surface spoiler. A 
limited number of tests of various combinations were made. The results 
are presented in figures 14, lp, and 1 6 for lower— surface spoiler 
deflections of 2. 5°, 5°, and 10°, respectively. From these results, 
an upper— and lower-surface spoiler combination has been selected. 

Data for this combination are presented in figure 17- For this 
arrangement the upper— and lower— surface spoilers deflect simulta- 
neously with v ogp = 25sp until a deflection of 5 ° of the upper- 
surface spoiler and a deflection of 2 . 5 ° of the lower— surface spoiler 
have been reached; At this point the lower— surface spoiler starts 
to retract at half the rate the upper— surf ace spoiler deflects until, 
at an upper— surface— spoiler deflection of 10° 3 the lower— surface 
spoiler is fully retracted. As the deflection of the upper-surface 
spoiler is increased, the lower— surface spoiler remains retracted. 

As shown by figure 17 , the selected combined spoiler arrangement 
did eliminate the reversal although it did not eliminate the abrupt- 
change in c)AC 1 /Bogy (particularly with the flap deflected). In an 
actual installation this defect might be alleviated to some extent 
'by the use of a properly chosen relationship between the control 
deflection and the spoiler deflection as illustrated later in this 
report. 


As might be expected, it was found that the effects of an upper- 
surface spoiler and a lower— surface spoiler were not directly additive 
when used in combination. This fact is illustrated by figure i 8 
which shows that the sum of the individual effects does not closely 
approximate the measured result. 
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Estimation of the Characteristics of 
Airplanes Equipped with Spoiler Installations 


In order to determine if the spoilers tested would meet the 
re a uirements for a satisfactory lateral— control device , an estimate 
was made of the lateral-control characteristics of three hypothetical 
airplanes assuming full-span— flap and spoiler installations. The 
estimated - characteristic a wort? then compared with the characteristics 
required for a satisfactory control. The airplane s_ chosen for ' 
analysis are types which might profitably use a lull— span— flap 
installation. Their assumed general characteristics are given in 
table III. .Airplane A is a large, four-engine , long-range bomber; 
airplane B is a large-twc-engine , patrol bomber; and airplane C is 
a carrier— based , single— engine scout bomber. 

Computations have been made of rudder— locked rolls for eacn of 
the throe airplanes for the high-speed flight condition and lor the 
landing approach with the flaps extended. The section lift and 
profile-drag coefficients were first converted to rolling- and 
yawing— moment coefficients by the method of references 6, 7 ana 
8. These values were then used for the calculation of pb/2V 
and the angles of bank, sideslip, and yaw as a function of time by 
the method of references 9 and 10. (The results of those calcula— 

L i oris are later referred to as the time histones oi the roll.) 


Assumptions .- In estimating the 
with .spoiler controls, the following 


characteristics of the airplanes 
assumptions have been made : 


1 . The combined spoiler arrangement of figure 17 has been 
assumed for all three airplanes. • 


2. The spoiler span has been assumed to be the same' as the span 
of the ailerons of the particular airplane • 

3. Slotted flaps of 0.25 wing chord have been assumed to 
replace the ailerons of the particular airplane. ' 


1;.. it has been assumed that the spoilers did net cause a 
change in the stability derivatives of the wings. _ It is realized 
that this assumption is not correct (reference 11) ; however, the 
results are believed to be Indicative of the characteristics with 
the spoiler installations. 


5. Rigid wings have been - assumed throughout- the calculations. 
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6. No allowance has been made in the calculations for Mach 
number effects. 

7. The. values of pb/2V computed for the landing approach have 
been assumed applicable to the landing condition. 

8. The variation of spoiler deflection with control travel shown 
in figure 19 has-been assumed for all three' 'airplanes. This assump- 
tion was made in an effort to make the maximum rolling velocity 
approximately proportional to control deflection. 

9. The hinge moments of the circular— arc spoilers have been 
assumed to be negligible, and it has been further assumed that the 
necessary control forces would be provided by artificial means. 

10. For the landing approach, the outboard flaps have been 
assumed to be deflected sufficiently to give an increment of section 
lift coefficient of -0.8. (This amounts to a deflection of about 15 
for all three airplanes.) The estimated reduction in landing speeds 
duo to deflection of the outboard flaps and the landing approach speeds 
of the three airplanes used in the calculations are shown in the 
following table : 


» 

j 

Airplane j 
1 

Reduction in landing speed ' 
due to outboard flaps, mph j 

— — — — 1 

Landing approach ! 
speed, mph 

‘ 

A : 

7.k | 

’ ' ' 98’ 

B j 

• 5A ' ! 

105 I 

c ■ ! 
j 

3-8 j 

86 | 


Greater reductions could be had with increased flap deflections. 
However, experiments (reference 12) have indicated a deterioration 
in stalling characteristics and lateral stability near and at the 
stall of airplanes with full-span flaps when the wing was too heavily 
loaded at the tip. For that- reason, a sma.ll deflection was -chosen 
to be conservative . ' 

Calculated characteris tics — Roll time histories (assuming 

instantaneous control deflection) are presented in figures 20, 21, and 
22 for airplanes A, B, and C, respectively. For comparison with the 
peak value determined for the rudder— locked condition^ p*b/2V vas 
also computed for maximum control travel (on the basis that zero 
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sideslip was maintained) using the following expression: 


* Q T "f* 

— = — ^ (e 1 — 1) (See reference 10.) 

2V Ci p 

When the time is large this equation reduces to - 

pb _ _ CZ3 
2V ' : C Zp 

The variation of maximum pb/2Y with control travel for each of the 
three airplanes, is shown in figure 23. ■ 

Control effectiveness For a satisfactory lateral-control 

device, the variation of rolling acceleration with time immediately 
following. an abrupt control deflection should always he in the 
correct direction and without perceptible lag. Inspection of 
figures 20, 21, and 22 indicates that the rolling acceleration is 
in the correct direction for all three airplanes as evidenced by 
the positive gradient of the variation of pb/2V with tjme. 

In the past, time lag lias been one of the main objections to 
spoiler-type controls. It has been shown (reference 5) that, for 
conventional airfoils, 'spoilers located aft of 0.80 chord have 
negligible -lag. Flight .tests of a 0.17-chord-radius spoiler located 
at O.765 of the chord showed a lag of 0.1 second. (See reference 1.) 
The pilots did not consider this amount, of lag objectionable. How- 
ever, it has been concluded (reference 13) that lag mucn in excess 
of 0.1 second would be objectionable;’ a lag of 0.25 second would not 
be acceptable. - (See reference lU.) 

The data of references 5 and 15 on the lag of spoilers at 
various chordwise positions have been plotted on a nondimens ional 
basis by dividing the lag by c/V where c is the mean chord at 
the spoiler and V is the velocity of the airplane. The mean curve 
so determined is shown 'in figure 2b. Using this curve as a basis, 
the 'lag (in seconds) for the three exemplary airplanes is. estimated 
to be as follows: 
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High 

Landing 

Airplane 

Speed 

Approach 

A 

0.035 

0.104 

B . 

.040 

.087 

C 

.029 

.089 


Assuming a criteria of a maximum lag of 0.1 second, the lag would 
probably not be objectionable for any of the airplanes. 

At any speed, the maximum rolling velocity obtained by abrupt 
deflection of the lateral control with the rudder locked in its 
trim position should vary smoothly with and be approximately 
proportional to the control deflection. As shown by figure 23, 
the rate of roll is not exactly proportional to control movement — 
particularly for the landing approach. Thi3 condition, however, 
is probably not serious enough to render the controls unsatis- 
factory. 

The lateral control should be of sufficient power to produce 
a wing— tip helix angle pb/2V equal to or greater than C.09 for 
airplanes such as fighters, dive bombers, and torpedo bombers, and 
0.07 for horizontal bombers, cargo, transport and primary training 
airplanes in the high-speed flight condition with the rudder locked 
in its trim position. The required values are somewhat lower for 
speeds in excess of 300 miles per hour. The lateral control should 
also be capable of producing a pb/2V of 0.07 for all airplanes in 
the landing condition with the rudder locked in its trim position. 

As shown by figure 23, airplanes A and B attain a pb/2V well in 
excess of .0.07 thus satisfying this requirement. The maximum 
pb/2V for airplane C in the high-speed condition is only 0.084 
compared to the value of 0.09 required. It should be noted that 
the spoiler span assumed for this airplane i3 only 29 percent wing 
span. Airplane C could meet this requirement with a slight- increase 
in the spoiler span. 

As shown by figures 20 to 22, the maximum values of pb/2V 
computed for the high-speed flight condition rudder locked are 
larger than those computed for zero sideslip for all three 
airplanes. 'The rudder— locked values are higher because the 
slightly favorable yaw developed by the spoilers aids the roll. 

For the approach condition, the values computed for zero sidoslip 
are greater than those with the. rudder locked for airplanes A and C. 
For this condition (rudder. locked) , the favorable yawing moment 
due to the profile drag of the spoilers is more than offset by the 
yawing moment due to the incremental induced drag which opposes the 
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roll. For airplane B the values of pb/2V rudder locked are about 
the same as the values for zero sideslip. It should be noted that-, 
for airplane B in the approach condi i:.ion, a relatively high static 
directional stability and low static lateral stability combine to 
make the airplane dynamically unstable. This is the source of the 
high values of pb/2V ' shown in figures 21(b), and 23 • y . 

For all airplanes the product of. the rolling velocity and 
the wing span should be at least 10 feet per second for the landing 
condition when the airplane is rolled with abrupt full aileron 
deflection with the rudder locked in its trim position. The product 
6f the rolling, velocity and the wing span is shown in the- following 
table for each of. the three airplanes. 


• 

Product of rolling 

Airplane 

velocity and 


wing span. 

A 

25-2 

B 

48.9 ! 

C - 

i 

51.0 - | 

... ...... 1 


As shown by the above table all three airplanes satisfy chis 
requirement . . 

Tiie angles of sideslip for the airplanes in the high-speed 
condition, though quite small* are generally negative. (For normal 
aileron control, the sideslip, angles are usually positive.) For 
the approach condition, the sideslip angles are positive for all 
three airplanes and in no case become excessive. 

The angles -of yaw are generally small although positive for 
high speed and slightly negative for approach speeus . . ihis 
characteristic, coupled with the sideslip characteristics, would 
probably require some familiarisation 'flights for pilots to become 
accustomed to the spoiler control.3. Pilots accustomed to airplanes 
with conventional controls would probably oend to o\- erconti ol, 
particularly in landing. 

Control forces As previously mentioned, it has been assumed 
that control forces would be provided, artificially so that all 
control— force requirements are assumed to be satisned. 
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Theoretically^ circular— arc spoilers have no hinge moments. 
Attempts have teen made to develop such spoilers that would provide 
their own hinge moments (for example, reference 2) by providing them 
with vented flat tops. The hinge-moment characteristics were unsatis- 
factory, however,, particularly with the flaps down. It appears that 
further development is required before these spoilers can be 
considered satisfactory. 

It might be noted that difficulties in flight with the hinge- 
moment characteristics of plain, circular— arc spoilers have been 
encountered due to the large frictional and inertia forces involved 
in the particular 'operational systems and the fact that the arcs of 
the spoilers were not truly .circular. 

.One solution to the problem of obtaining satisfactory control- 
force characteristics, which has been used in a few cases, is the 
use of very— short— span (10— to Ip— percent span), conventional, 
unbalanced ailerons at the wing tip (feeler ailerons). Flaps cover 
the reminder of the span; and the spoilers, which provide the 
control, are located ahead of the' flaps. This system necessarily 
gives less available total lift than can be had .with full— span flaps. 
However, the reduction may not be serious. For example, decreasing 
the flap span on a wing of 2:1 taper from full span to 8p— percent 
span reduces the lift increment due to flap deflection less than 
10 percent. (See reference 8.) The possible deterioration of 
lateral stability near the stall of wings with the tips too heavily 
loaded is an objection to the use of full— span flaps. The use of 
short— span (10 to lp percent) feeler ailerons would tend to 
minimize this difficulty. Fooler ailerons also tend to mask any 
lag present in the control system. 

Flight tests of a high-speed airplane equipped with 15-percent- 
span feeler ailerons and 31 -percent-span circular-arc spoilers have 
given quite satisfactory results. Some lag was noticed with the 
flaps down although not of sufficient magnitude to be considered 
objectionable by the pilots. Also, the inertia forces of the 
particular system were considered somewhat objectionable . .• However, 
tho pilots, in general, were quite 'satisfied with the control; the 
effectiveness was sufficient and the force variations were con- 
sidered satisfactory. No difficulties were encountered in per- 
forming smooth, accurate maneuvers after the pilots had flown the 
airplane a very short time to become familiar with the control. 

From the foregoing discussion it appears that sppilers can be 
used successfully as a lateral— control device. Although somewhat 
complicated, spoiler controls permit the use of full-span or nearly 
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full-span flaps* One of the main disadvantages to -their use is that 
the proper force characteristics must he provided artificially or 
hy the use of feeier ailerons. 

Spoilers on thin wings ,— All the data presented in this report 
were obtained from tests of a 16-percent-' thick airfoil at low Mach 
numbers. Preliminary design considerations of spoilers on thin - 
wings for use on very high-speed airplanes indicate that a satis- 
factory installation will be considerably complicated because of 
the extreme thinness of the aft portion of the airfoil. 

CONCLUSIONS 

The results of tests to evaluate the effects of spoilers on 
the characteristics of a low— drag airfoil equipped with a 0.25— chord 
slotted flap indicated the following: 

1. Spoilers can be applied to airplanes as a satisfactory 
lateral— control device, as illustrated by the calculations of the 
lateral— control characteristics of three hypothetical airplanes. 

2. A system of spoilers combining very small deflections of 
lower— surface spoilers with the small deflection’s of upper— surface 
spoilers, though quite complicated, eliminated the tendency of the 
upper— surface spoilers to produce roll in the wrong direction at 
small deflections. There was still a nonlinear variation of 
spoiler effectiveness with spoiler deflection, but this was improved 
considerably by the use of the proper variation of spoiler deflec- 
tion with control travel. 

3. .Sealing the flap slot also eliminated the tendency to 
produce roll in the wrong direction but caused a considerable loss 
in flap effectiveness and spoiler effectiveness with the flaps 
deflected. 

Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 

’ Moffett Field, Calif. 
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TABLE I.- MCA 66,2-216 (a = 0.6) AIREOIL. 
[Stations and ordinates are given in 
percent of the airfoil chord] 


Upper surface 

Lover surface ' j 

Station 

1 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

. 371 

1.242 

.629 

-1.112 

.607 

1.501 

.893 

-1.319 

1.091 

1.886 

1.409 

-1.608 

2.317 

2.615 

2.683 

-2.127 

4.794 ' 

3.701 

5.206 

-2.36? 

7.284 

4.563 

7.716 

-3.441 

9.78.1 

5.308 

10.219 

-3.934 

14.783 

6.500 

15.212 

-4.702 

19.806 

7 . 4?8 

20.194 

-5.290 

24. 832 

8.155 

25.168 

-5.741 

29.862 

8.708 

30.138 

-6.080 

I 34.897 

9.098 

35.103 

-6.312 

| 39. 936 

9.356 

40.064 

-6.462 

i 44.973 

9.471 

45.022 

-6.523 

' 90.023 

9. 431 

49.977 

-6.483 

j 55.073 

9.224, 

54.927 

-6.336 

! 6o.i4l 

8.800 

■ 59.859 

-6.048 

i 65.191 

8.084 

64.809 

-5.574 

j • 70.193 

7.068 

! 69.802 

-4.866 

! 75.1S1 

5.889 

j 74.819 

-4.037 

! 80. 148 

4.585 ’ 

79.852 

-3.107 

85; 106 

3.265 

84.894 

-2.177 

90.061 

1.937 

89.939 

-1.235 

95. 021 \ 

0.762 ' 

94.979 

: -. 432 

100 

1 

0 

j 100 

i 0 

Leading-edge radius: 1.575 Trailing-edge radius: 0.0625 
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TA3LE II.- ORDINATES FOR THE 0.25-CHORD SLOTTED 
FLA? ON THE NACA 66,2-216 (a = 0.6) AIRFOIL 
[stations and ordinates in percent of airfoil chord] 


- Station 

Upper surface j 

Lower surface 

75.000 

-1.875 1 

— — — 

75.521 

.042 i 

-3.062 

l6.0k2 

.895 j 

-3.437 

77,083 

1.937 

-3.604 

73.125 

2 . 646 

-3.417 

79.167 

3.125 

-3.229 

80.208 

7.458 

-3.042 

81 . 250 

3.646 

-2.854 

82.292 

3.687 

-2.646 

83.333 

3.625 

-2.437' 

84. 775 

3.^37 

-2.250 

85.417 

3.208 

-2.062 

87.500 

2.646 

-1.667 

89.583 

2.083 

-1.292 

91.667 

1.542 

-.917 

93.750 

1.062 

-.583 

95.833 

. 6o4 

— 333 

97.917 

.271 

-.167 

1 100.000 
j 

0 

0 


i T.E. radius: 0.0625 

1 . 
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TABLE III.- CHARACTERISTICS OF HYPOTHETICAL AIRPLANES 
EQUIPPED WITH SPOILER INSTALLATIONS 


1 

Characteristics j 

— 

Airplane A 
[heavy bomber, 
four— engine) 

r— 

Airplane B 
(large two— engine 
patrol bomber) 

Airplane C 
( carrier— baa ed 
scout bomber) 

Wing loading 

61.3 

45 

39.2 

(lb/sq ft) 

11.65 



Aspect ratio 

10 

5.4 

Taper ratio 

O .436 

0.5 

0.5 

Wing area (sq ft) 

1714 

1000 

375 

Wing span (ft) 

l4l 

100 

^5 

Inboard, flap span 

60 

60 

67 

(percent span) 


36 


Outboard flap span 

37 

29 

(percent span) 




Kj- Radius of gyra- 
tion about X-axis, 

r 0 
H 

* 

VJl 

14.5 

5.54 

feet -j 

Kg Radius of gyra— i 

tion about Z— axisi 26.4 

fee'c j 

18 

9.13 
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f/gupc /.- deta/ls of rue epo/le/BS aa/d the flap slot tested oa/ the 
A/ACA 66,2-2/6 (a* 04) A/BFO/l EQU/PPED PV/TH A 02S-CHOJBD 

SLOTTED FLAP 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



F/Guee a - mefpoo of seal/a/g tpe fiap stor op tpe paca <z<o,2-2/6 

(o*0<z) A/2FO/L EQO/PPEO MTP THE 025 -CP 020 SLOTTEO FLAP. 




FLANGE FOF ADDED ST/FFNESS 
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f/gupe 3- oefa/cs or coMST/eucr/ort or rre gpo/leps rrsrro 

or tee mca 66,3-3/6 (a=o <2>) a/pfo/l . 
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(a) Front view. (b) Rear view. 

Figure 4,- NACA 66 f 2-2l6 (a s 0.6) airfoil with the 45° spoiler on the upper surface 
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/7 GU&E 7- - EFFECT OF THE OPPEP- SOP PACE SP0/LEP OAJ 7/YE SECT/OfY 
CPAPACTEP/ST/CS OP 7/YE A/A CP 66, <?- <?/£ (d-0-6) A/PPO/L 

EQU/PPED YV/7/Y TPE 0ES -CPOPD SLOT TED FLAP.. ■ 













F/QUEE Z- CONCLUDED 







F/Guee a. - con t/ nub o. 





F/GU&E < 3 .- COAJCL UOE D. 






Fk SU/d F 


H AT I OH A l ADVISORY 
II TT EE FOR AERONAUTICS 


m/m 











(a.) <5f~.o' 


N AT I ON A L A OV I SORT 
COMMITTEt FOR AERONAUTICS 


F/GUZe /&- EFFECT OF THE LOWEe ~ SURFACE 5PQ/CE& ON THE SECT/ON 
CHA PA C TEP /S r/CS OF THE A/AC A 66, «?-£>/£ (a=0-&) A/P.FO/L 
EQU/PPED tY/TH THE O SS- CHOJSO SLOTTED FLAP, . 
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fraction control tea /el -g 

F/GUPE 19 - MP/AT/ON OF SPO/LEP OEFlECT/OA/ mth coa/tpol 
TPAVEL ASSUMED FOP THE EST/MAT/OA/ OF THE 
CHAPA CTEPfS T/CS OF THE A/PPLAA/ES EQUIPPED 
i/VJTH THE SPOIL EP INSTALL A T/Oh/S. 




3 

(a) ///etf speed - 39 s vp/v at ££, 000 pr.. 

P/GUPe so.- EST/PIATEO C//APACTEP/ST/CS OP A/PPLAfi/E A EQO/PPED SY/TH SPO/L&P 
. OOS/TPQL w POLLS WTP THE PODDEP LOCKED, 























ee/ec ssoesl/p 



/a/ seou.s yy/rH tee ssudoee locked . 






G»/0 - ZERO SIDES Up 







e/Gt/ke 24 - M&/AT/OA/ op ‘ me mg of spo/tees w/jp' mopo/v/se pos/t/oaz. 



